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The loss of vertical bone height over time has been assessed
radiographically as part of the Dental Implant Clinical Research
Group studies. Radiographs were assessed from implant place-
ment, uncovering surgeries, and recall appointments. Overall,
the study implants experienced most peri-implant vertical bone
loss in the first year after placement, followed by a dramatic
decrease in bone loss rate through the subsequent study inter-
vals. Stratified analysis of data up to 72 months after implant
uncovering indicates different bone loss patterns by: 1) arch; 2)
jaw region; 3) case type; 4) bone quality; 5) surface type; 6)
implant design; 7) smoking status; and 8) postoperative antibi-
otic treatment. These results will be used to build statistical
mixed models to indicate which clinical factors are most pre-
dictive of peri-implant vertical bone loss, controlling for con-
founding and accounting for correlation of data over time and
within study patients. Ann Periodontol 2000;5:137-151.
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The need for controlled clinical stud-ies to validly assess the safety andefficacy of the many different den-
tal implant systems continues. Such
studies can evaluate the relationships of
patient and treatment variables to iden-
tify risk factors in providing such treat-
ment, allowing for better treatment plan-
ning and improved patient care. Radio-
graphic evaluation is one means of gain-
ing information on tissue response in the
peri-implant region, which can be used
in selecting patients, restorative compo-
nents, and procedures to maximize the
probability of successful implant treat-
ment.
Clinical studies of dental implants
titled “The Influence of Implant Design,
Application and Site on Clinical Perfor-
mance and Crestal Bone” are presently
being conducted by the Dental Implant
Clinical Research Group at 32 Depart-
ment of Veterans Affairs (DVA) medical
centers and university research clinics.
Changes in vertical bone height around
placed implants are being evaluated radi-
ographically as part of these studies to
establish the expected pattern and extent
of bone loss around implants in relation
to different clinical and patient factors.
Measurements are done on radiographs
taken at implant placement, implant
uncovering, prosthesis placement, 6
months after implant uncovering, 12
months after uncovering, and yearly
thereafter.
This is U.S. Government-supported research, and there are no restrictions on its use. This paper
has been approved for publication by the Dental Implant Clinical Research Group (DICRG),
Department of Veterans Affairs. The views expressed in this article are those of the authors and
do not reflect the views or policies of the U.S. Department of Veterans Affairs, nor imply
endorsement by the U.S. Government.
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While establishing the extent, rate, and distribution
patterns of vertical bone loss around endosseous
implants, analysis of radiographic bone loss data is
also being conducted to determine risk factors for bone
loss around dental implants to aid in the decision-mak-
ing process on whether and how to best provide den-
tal implant treatment. While such information can be
used to improve care provided to DVA patients, this
information should also be generalizable and useful to
all involved in providing dental implant treatment.
BACKGROUND
Osseointegration of implants has long been the advo-
cated goal in dental implant treatment. Descriptions of
bone reaction and osseointegration have been pro-
vided.1,2 Osseointegration depends on the relationship
between biologic factors of bone and various clinical
factors associated with dental implant treatment. This
relationship has been addressed from different per-
spectives. Some authors have discussed how the
response to dental implant treatment is dependent on
patient characteristics and specific anatomical and
physiological properties of the bone in which the
implants are placed.3-7 Others have concentrated on
the influence of implant characteristics such as implant
coating and surface characteristics, implant design,
and other clinical treatment factors such as the con-
comitant use of bone graft substitutes.8-11 Dental
implant treatment has also been discussed as a spe-
cific means to preserve alveolar bone after tooth
loss.12,13
Peri-Implant Vertical Bone Loss
Albrektsson et al.14 proposed criteria which are widely
cited and used for the evaluation of dental implant
success, including the criterion that vertical bone loss
should be less than 0.2 mm annually following the first
year of service of an implant. Criteria for dental implant
success proposed in 197915 included bone loss not
greater than one-third of the vertical height of the
implant. While these criteria provide evaluation guide-
lines, the definition of successful dental implant treat-
ment should ultimately be based on the benefits of the
treatment to the patient over the period of time that
these benefits are derived, weighed against the nega-
tive aspects of the treatment, which would include sub-
sequent treatment required for failing and failed
implants. The extent of bone loss only indirectly affects
the need for treatment or removal of dental implants
through clinical parameters such as mobility. How
much bone is required to sufficiently support a pros-
thesis remains a matter of debate.
New information on vertical bone loss around den-
tal implants is being published continually from stud-
ies of various implant systems. Kapur16 followed bone
loss in an earlier study of blade-type implants. Weber
et al.17 found no statistically significant change in bone
level between 1 and 2 years following placement of
non-submerged implants. Baseline measurements were
not made, but the authors estimated bone loss of about
0.6 mm around mandibular implants and 1.1 mm
around maxillary implants in the first year following
implant placement. Brånemark et al.18 reported bone
loss of less than 0.1 mm annually for implants that
were determined to be osseointegrated and that had
been in function for 1 year prior to initiating the assess-
ment. No information on the first year following implant
placement was reported. Nishimura et al.19 likewise
showed very small amounts of bone loss following
prosthesis insertion. Malmqvist and Sennerby20
reported a high proportion of implants, followed for
up to 4 years, having vertical bone loss of more than
2 mm, and many having bone loss greater than one-
third the length of the implant. Arvidson et al.21 found
minimal bone loss around mandibular implants in the
5 years after prosthesis insertion in fully edentulous
cases. Lindquist et al.22 reported 0.5 mm of bone loss
around implants in the first year following implant inser-
tion, with a decreasing rate of bone loss during the 15
years of follow-up.
The relation of peri-implant bone loss to different
implant and clinical factors has been investigated in
many studies. Pilliar et al.23 reported differing vertical
bone loss relative to different implant designs and sur-
face characteristics. Karlsson et al.24 found differences
in bone loss around implants following prosthesis inser-
tion depending on the arch in which they were placed.
Different periodontal parameters indicative of peri-
odontal and gingival inflammation have been reported
to be related to peri-implant attachment and bone
loss.25-27 The influence of smoking and the combina-
tion of smoking with poor oral hygiene on peri-implant
bone loss have been specifically investigated.28 Peri-
implant bone loss to the first thread of screw-type
implants with conical and machined collar implant
designs has been discussed.29,30 Surface characteris-
tic modifications and treatments in the area of this col-
lar have been proposed to deal with this problem.31,32
While earlier studies tended to assess and report
bone loss following loading, some of the more recent
studies have given attention to the period immediately
following implant insertion. Bragger et al.33 reported
median distances of bone from the implant shoulder
and median changes over the first year after implant
insertion. Median levels were between 2 and 3 mm
below the shoulder, with median changes of slightly
less than 1 mm. Mean levels and changes would be
expected to be somewhat greater than these median
values. Pham et al.34 also found significantly higher
bone loss rates in the period immediately following
placement (with a rate of 1.28% of implant length per
month) than in the post-loading intervals. They also
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found a difference in bone loss rate between the press-
fit and screw-type implant designs used in the study.
These varying results on vertical bone loss around
dental implants and the relationship of bone loss to
various clinical factors highlight the need for further
studies in this area.
Radiographic Measurement of Vertical Bone Loss
To avoid further tissue trauma, vertical bone loss
should be evaluated radiographically after implant
uncovering. In radiographic measurement, the posi-
tion of the coronal extent of bone-implant contact must
be determined. To determine the total amount of ver-
tical bone loss around dental implants, a baseline mea-
surement must be made at the time of implant inser-
tion. This measurement is made by assessing the
distance from the level of bone to some point of ref-
erence on the implant. Subsequent measurements,
using the same point of reference, can then be com-
pared to baseline to estimate the amount of bone loss
that has occurred subsequent to implant insertion.
Proportional measurements have been used in some
large studies to speed the measurement process and
address the problem of non-standardized radio-
graphs.35-37 Studying bone loss around dental implants
allows for easy adjustment of measurements on non-
standardized radiographs and determination of actual
bone loss because the length of the dental implant is
known. Direct measurements can also be easily con-
verted to proportional measurements (e.g., the per-
centage of an implant in direct contact with bone) if
desired. However, the variability and reliability of mea-
surements with different radiographs and within and
across examiners must be considered.38-40 Grondahl
et al.41 looked specifically at interobserver variation
in the assessment of peri-implant bone levels. Other
factors affecting the quality of information obtained
from radiographic measurements include the radio-
graphic equipment and techniques used, radio-
graphic angulation, measurement technique, and the
particular advantages and disadvantages associated
with computer-based measurement, if such systems
are used.42-53
DICRG Dental Implant Studies
The objectives of the DICRG studies are to assess the
effects of implant design, application (partial/full den-
ture, removable/fixed, multiple/single tooth), and loca-
tion (maxillary/mandibular, anterior/posterior) on clin-
ical performance and crestal bone. Patient and
treatment factors will also be considered. Cases have
been followed for up to 6 years after implant uncov-
ering. These studies will assess implant survival along
with specific complications and adverse responses
associated with dental implant treatment. Other aspects
of treatment will be monitored, including plaque and




The DICRG studies are being conducted at 30 DVA
medical centers and two university-based dental implant
research clinics. Potential study subjects were recruited
and initially screened for general health and oral con-
ditions that could disqualify them from participation
in the studies. Patients meeting study criteria and
agreeing to participate were entered into the studies.
Study case types included mandibular and maxillary
fully and partially edentulous cases, and maxillary
anterior single-tooth replacement cases. Different
implant designs† (Fig. 1) were randomly assigned to
the sites for implantation in each study case, depend-
ing on the case type. The designated study surgeon at
each study site determined the appropriate length and
diameter for the implants to be placed. A designated
clinician at each study site maintained, monitored, and
collected data on the study implants over the course
of the study. All study surgeons and clinicians met
prior to the start of the study and annually during the
study for planning and monitoring meetings that
included study procedure standardization and calibra-
tion activities.
Sample sizes for the DICRG studies were calculated
to ensure sufficient power to test the main hypotheses
139
† Spectra System, Core-Vent Corporation, DBA Paragon Company, Encino,
CA.
Figure 1.
Implant designs used in the DICRG studies.Top left, Core-Vent (alloy
basket); top right, Screw-Vent (HA, CP titanium, or titanium-alloy screw);
bottom left, Bio-Vent (HA-coated cylinder); bottom right, Micro-Vent
(HA-coated grooved cylinder).
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of the DICRG study. Final patient accrual goals for the
studies were set using these calculations for minimum
sample size requirements as a guide. More than one
study case can be initiated and followed in a single study
patient if conditions allow. The studies have accumulated
a large number of study patients and cases, with totals
of about 800 study patients, and approximately 1,000
study cases involving about 3,000 placed implants.
Data Collection
Radiographs were taken at each of the clinical proce-
dure appointments including implant placement and
uncovering surgeries, and final prosthesis insertion.
Radiographs were then taken at follow-up appoint-
ments that were scheduled for all study patients based
on the date of implant uncovering. These appointments
were scheduled at 6 months, at 1 year, and then yearly
thereafter for a period of 6 years.
Radiographs of the implant cases were sent to the
project director’s office where they were labeled, cat-
aloged, and then measured by the author on a flat
view box to the nearest 0.1 mm using vernier calipers.
All measurements and analysis for this paper were
completed by the author. The primary outcome of
interest was bone level change over time. Therefore,
systematic measurement error would not affect results.
Avoidance of measurement drift over time was accom-
plished through periodic remeasurement of a sample
of study radiographs to ensure agreement with previ-
ously completed measurements. With one investiga-
tor completing all measurements, interexaminer agree-
ment was not an issue for this analysis. Computer
analysis programs were evaluated and rejected for use
in this study due to the shortcomings of using such pro-
grams for a multicenter study. A high level of stan-
dardization of radiographic techniques, angulation,
radiographic unit settings, chemicals, etc., is virtually
impossible to achieve and maintain over time at 32
sites spread across the country. Computerized analy-
sis programs lose their advantages when radiographs
are not highly standardized. Such aspects as contrast
ranges indicating bone loss cannot be held constant
with non-standardized radiographs. Blinded compari-
son and calibration activities were employed to ensure
valid radiographic results in this study.
Vertical measurements of bone level adjacent to the
implants were made from the top of the implant, which
provides a fixed reference point. While two-stage
implants generally should be inserted so that the top
is flush with the level of the crestal bone, deviations
often occur. Baseline measurements should be done so
that these deviations can be accounted for in deter-
mining the change in bone level at subsequent appoint-
ments.
Calibration of the measured increments of bone
change is necessary in determining actual bone loss
from radiographic measurements, particularly on
panoramic radiographs which generally provide an
enlarged image of teeth and implants. Calibration is the
process of correcting and standardizing measurements
in radiographic analysis so that changes in bone over
time may be determined accurately and validly. The
measurement from the top of the implant to the point
of the bone-implant interface is calibrated using the
known and radiographically measured length of the
implant. This calibration involves multiplying the ver-
tical bone height measurements by the ratio of the
known implant length to the measured implant length.
Formulas used for calibration appear in Figure 2. These
calibrated (i.e., actual) measurements from baseline
and follow-up appointments were compared for a given
implant to determine vertical bone height changes.
Negative values were not assigned in cases where the
bone level was above the level of the implant, because
the extent of implant-bone contact was considered to
be the factor of primary importance.
Data Entry
Measurements were entered onto paper forms that
included case information generated by data man-
agement software,‡ using databases with information
entered from study forms sent to the DICRG Data Man-
agement Center (Ann Arbor, Michigan). Data were
then entered into a data set using a data management
and analysis package.§ Entry was double checked for
entry errors. Checks were run on the database to
ensure clean, accurate data.
Analysis of Data
The raw data file created was converted into a data set
for complete analysis. Variables were created and trans-
formed as needed for analysis.
Valid analysis of the study data requires appropri-
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‡ Fox Pro, Microsoft Corporation, Redmond, WA.
§ Epi Info., USD, Inc., Stone Mountain, GA.
 SAS Institute Inc., Cary, NC.
Figure 2.
Radiographic measurement sites and formulas used for analysis.
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ate methods of data analysis. At the present stage of
investigation, data collection is incomplete. Data have
been collected on study implants for up to 72 months
after implant uncovering. Due to limited availability of
72-month follow-up data, most results will be reported
only up to 60 months. The results presented in this
paper are primarily descriptive and intended for eval-
uation of trends seen in the data to this point. Results
are presented on bone loss overall, and on bone loss
stratified by various predictor variables. A more com-
prehensive analysis of the data will be conducted using
the information from the present analysis and will
include statistical modeling of the longitudinal data
accounting for the correlated nature of the data within
case and patient.
RESULTS
The mean actual bone levels calculated from the cal-
ibration formulas for the different study examination
appointments are displayed in Table 1. Prosthesis inser-
tion and 6-month follow-up examinations were usu-
ally completed within 2 months of each other, if not at
the same appointment. At the 6-month follow-up, the
average distance from the top of the implant to bone
contact was 2.8 mm. This distance increased one addi-
tional millimeter by the 72-month follow-up appoint-
ment, with very little change after the 36-month fol-
low-up.
Bone level over time is viewed from a slightly dif-
ferent perspective in Figure 3. The average proportion
of the implant that radiographically appeared to be in
direct contact with bone at the different study evalua-
tion points is displayed. The top portions of the bars
indicate the mean proportion of implants not in direct
contact with bone, providing an indication of vertical
bone loss relative to the length of the implant. The mean
proportion, as evaluated radiographically, of the study
implants not in direct contact with bone increased
rapidly in the early stages and then stabilized with lit-
tle additional support loss after the 24-month follow-up.
For those implants in which data were available for
the beginning and end of study intervals, the average
bone loss between study appointments is displayed in
Table 2. This information is displayed graphically in
Figure 4. Average bone loss between implant inser-
tion and uncovering, and between implant uncovering
and 6 months post-uncovering, was 1 mm and 
1.2 mm, respectively. Bone loss dropped to 0.4 mm
for the 6- to 12-month (a 6-month period) and 12- to
24-month (a 12-month period) intervals. Subsequent
average annual bone loss up to the 60-month evalu-
ation was about 0.2 mm per year.
The remainder of the results primarily show the
bivariate relationships of various predictor variables in
the studies to radiographic bone loss. These results
display the incremental bone loss occurring in the dif-
ferent study intervals, showing both the effect of the
variables and the overall pattern of bone loss over
time.
Figure 5 shows average vertical bone loss for
implants placed in the maxilla compared with bone
loss for implants placed in the mandible. There was
more average vertical bone loss around implants
placed in the maxilla than around those placed in the
mandible in every study interval, with larger relative
differences in later study intervals. There was also
more bone loss for implants placed in anterior regions
of the maxilla and mandible than in posterior regions
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Figure 3.
Direct implant-to-bone apposition as a proportion of total implant
surface.
Table 1.
Bone Level Relative to Top of Implant by
Study Examination (in mm)
Examination N Minimum Maximum Mean SD
Implant insertion 2,111 0 5.6 0.6 0.6
Implant uncovering 2,061 0 12.2 1.6 1.2
Prosthesis insertion 1,376 0 8.9 2.7 1.2
6-month follow-up 1,762 0 9.9 2.8 1.2
12-month follow-up 1,937 0.2 11.4 3.1 1.3
24-month follow-up 1,804 0.5 11.1 3.5 1.3
36-month follow-up 1,481 1.0 10.9 3.6 1.3
48-month follow-up 1,037 0.9 10.5 3.8 1.4
60-month follow-up 630 0.9 10.2 3.8 1.5
72-month follow-up 128 1.3 8.3 3.7 1.2
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generally through the study intervals (Fig. 6). In
the case of anterior versus posterior positioning,
however, the larger relative differences were in the
early study intervals.
These findings are consistent with the results dis-
played in Figure 7, which shows a further break-
down of jaw location. The tendencies for more bone
loss in the maxilla than the mandible and more bone
loss in anterior regions than posterior regions are
still apparent. The chart shows the anterior versus
posterior differences dominating early intervals and
maxillary versus mandibular differences more appar-
ent in later study intervals.
Vertical bone loss by bone quality (as evaluated
at the implant placement surgery) is shown in Fig-
ure 8. The figure shows a slight tendency for more
vertical bone loss with increasing numeric bone qual-
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Figure 5.
Mean peri-implant vertical bone change for study intervals: maxilla
versus mandible.
Figure 6.
Mean peri-implant vertical bone change for study intervals: anterior
versus posterior.
Figure 4.
Mean peri-implant vertical bone change for study intervals.
Table 2.
Bone Level Change Between Study
Examinations (in mm)
Examination N Minimum Maximum Mean SD
Stage 1 to Stage 2 1,727 –1.3 11.8 1.0 1.0
Stage 2 to 6 months 1,482 –1.6 8.4 1.2 1.1
6 to 12 months 1,405 –2.7 7.0 0.4 0.7
12 to 24 months 1,441 –2.3 7.1 0.4 0.9
24 to 36 months 1,288 –2.7 4.9 0.2 0.8
36 to 48 months 914 –2.4 5.5 0.2 0.8
48 to 60 months 511 –2.7 4.4 0.2 0.7
Figure 7.
Mean peri-implant vertical bone change for study intervals by arch
location.
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ity-type designations (generally corresponding to less
dense bone), particularly between the implant uncov-
ering and 6-month follow-up examination.
Figure 9 displays mean vertical bone loss in study
intervals by case type. In early study intervals, more
bone loss was seen in completely edentulous and max-
illary single-tooth cases, with less bone loss in par-
tially edentulous cases. In later study intervals, all max-
illary case types showed more bone loss than
mandibular case types, with a continued indication of
less bone loss in partially edentulous cases than com-
pletely edentulous and single-tooth cases.
Vertical bone change for HA-coated versus non-HA
implants is compared for the study intervals in Figure
10. Non–HA-coated implants showed more vertical
bone loss in the implant insertion to implant uncover-
ing and uncovering to 6-month follow-up intervals.
Subsequent intervals showed a reversal, with HA-
coated implants consistently showing greater bone
loss.
Figure 11 displays the comparison of bone loss
between implants with and without HA coating strati-
fied by arch. The figure shows a trend of more bone
loss in non-coated implants and implants placed in
the maxilla up to 6 months after uncovering. Figure 12
displays a further breakdown of data by HA, arch, and
anterior/posterior location.
Figure 13 shows bone change for the different spe-
cific implant designs used in the study. In the early
study stages, the non-coated metal implants showed
the greatest amount of bone loss, particularly the com-
mercially pure titanium screw. All implants showed
similar amounts of bone loss in the 6- to 12-month
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Figure 8.
Mean peri-implant vertical bone change for study intervals by bone
quality score.
Figure 9.
Mean peri-implant vertical bone change for study intervals by case type.
UCE = upper completely edentulous; UPE = upper partially edentulous;
UST = upper single tooth; LCE = lower completely edentulous; LPE =
lower partially edentulous.
Figure 10.
Mean peri-implant vertical bone change for study intervals: HA versus
non-HA.
Figure 11.
Mean peri-implant vertical bone change for study intervals: HA versus
non-HA and maxilla versus mandible.
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follow-up interval. Subsequently, the non-coated im-
plants appeared to have less bone loss than the HA-
coated screw and grooved cylinder implants, with the
alloy basket showing the least amount of bone loss,
followed by the alloy screw and the commercially pure
titanium screw. The HA-coated cylinder showed less
bone loss through the study intervals than the other
HA-coated designs and the commercially pure tita-
nium screw.
Bivariate relations of patient-specific factors to bone
loss were also evaluated. Figure 14 shows bone loss
by gender. Females had less bone loss in the inser-
tion to uncovering interval, but then had more bone
loss in subsequent intervals up to the 36-month fol-
low-up. It should be noted that study subjects were pri-
marily derived from DVA dental clinic patients. There
were relatively few female patients included in this
study, with around 70 females represented in early
study intervals, dropping to 12 females in the 48- to
60-month interval for which data had been collected.
Figure 15 shows bone loss stratified by race/eth-
nicity. There was a very slight pattern of more bone
loss in early study intervals up to the 12-month follow-
up in whites than in African-Americans. Subsequent
intervals showed slightly less bone loss in whites than
in African-Americans. No clear pattern was apparent
for the “other” races combined category. Again, the
numbers in the “other” category were relatively small.
The relation of ASA medical status54 to bone loss
is shown in Figure 16. Bone loss appeared inversely
related to ASA medical status code up to the 6-month
follow-up. After the 6-month follow-up, the trend turned
144
Figure 12.
Mean peri-implant vertical bone change for study intervals: HA versus
non-HA and arch location.
Figure 13.
Mean peri-implant vertical bone change for study intervals by implant
design.
Figure 14.
Mean peri-implant vertical bone change for study intervals by gender.
Figure 15.
Mean peri-implant vertical bone change for study intervals by
race/ethnicity.
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to a direct relationship; patients with more severe sys-
temic health problems appeared to have more bone
loss around placed implants. The differences between
categories 1 and 2 were small. Relatively few patients
with ASA status of 3 were included in the study.
Figure 17 displays the relationship of smoking to
peri-implant bone loss. Although not all study inter-
vals showed the same trend, current smokers gener-
ally had more bone loss than non-smokers and for-
mer smokers. Little difference in bone loss was
apparent between former smokers and those with no
history of smoking.
Surgeons placing the study implants were dichot-
omized based on the number of implants they had
placed prior to the study. Surgeons placing 50 or more
implants prior to the study were classified as “more
experienced,” while surgeons placing less than 50
implants prior to the study were placed in the “less
experienced” category. This cut-point results in nearly
equal numbers of study surgeons in the “more” and
“less” experienced categories for purposes of analysis.
This analysis procedure is described in a previous
paper.55 Figure 18 shows little relationship of bone
loss to this prior experience categorization.
Figures 19 and 20 display bone loss in relation to
the use of antibiotic treatment in conjunction with
implant placement surgery. There does not appear to
be any clear pattern between the use of preoperative
antibiotics and bone loss (Fig. 19). Patients treated
with postoperative antibiotics experienced slightly more
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Figure 16.
Mean peri-implant vertical bone change for study intervals by ASA
medical status.
Figure 17.
Mean peri-implant vertical bone change for study intervals by smoking
status.
Figure 18.
Mean peri-implant vertical bone change for study intervals by surgeon
experience.
Figure 19.
Mean peri-implant vertical bone change for study intervals by use of
preoperative antibiotics.
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bone loss up to the 6-month follow-up, but appeared
to experience less bone loss in all subsequent study
intervals (Fig. 20).
DISCUSSION
The actual mean implant-bone contact positions rel-
ative to the top of study implants over the study are
displayed in Table 1. The values displayed are the
calibrated means using the known implant length to
measured implant length to adjust the measurements
from the top of the implant to the radiographically
visualized point of implant-bone contact. The data
show a relatively rapid recession of this contact point
between implant insertion and the 6-month follow-
up appointment, followed by a marked stabilizing of
this implant-bone contact level. Between implant
insertion and the 6-month post-uncovering follow-up
(representing a total period of about 1 year), the
mean distance of bone contact receded from 0.6 mm
to 2.8 mm below the top of the implant. In the sub-
sequent 66 months, the mean level dropped only an
additional millimeter.
Figure 3 displays implant-bone contact level as a
proportion of implant length. The upper sections of
the bars indicate the average proportion of the study
implants that do not appear radiographically to be in
direct approximation to bone, providing an indication
of vertical bone loss relative to implant length in the
study evaluations. On average, about 95% of the study
implants appeared radiographically to be in direct con-
tact with bone at implant insertion. This proportion
dropped to 87% at implant uncovering and 78% at 6
months post-uncovering. By the 72-month follow-up,
the percentage of vertical implant-bone contact
dropped to about 69%. But again, this percentage of
vertical implant-bone contact became fairly stable in
later study intervals, dropping only about 3% between
the 24- and 72-month follow-ups, or less than 1% per
year. This information can be evaluated and related to
present ideas on the percentage of direct bone-implant
contact necessary to bear the mechanical stress and
loading forces placed on dental implants when pros-
thetic restoration has been completed.
The prominent theme in the data over all implants
is the relatively rapid loss of vertical bone immediately
after implant insertion, followed by dramatically
decreased amounts of bone change. While the bone
support for study implants stabilizes significantly, the
continuing minimal bone loss around implants must
be evaluated. The remainder of the results address
the incremental changes during the study intervals
over time, which emphasizes this decrease in bone
change over time. It also allows for differences in the
smaller amounts of change during later intervals to be
seen more clearly so that different factors can be eval-
uated for effects that may change over time. Results
are provided for study interval bone changes overall
and by various and sometimes overlapping relation-
ships of different patient, procedure, and implant vari-
ables. Results for bone change during study intervals
are reported only to the 60-month follow-up because
data are available for too small a number of implants
in the 60- to 72-month interval to provide reliable
results.
It is also important to note that when evaluating
means for bone loss around study implants, the dis-
tribution of bone loss measurements must be consid-
ered. Bone change measurements indicating bone gain
over time are uncommon. The distributions of mea-
surements are centered around small amounts of bone
loss and skewed toward higher measurements of bone
loss. The median bone loss across implants is less in
this situation than the means, with greater bone loss
measurements pulling up the means. The means there-
fore partially reflect the effect of small numbers of
implants with large amounts of bone loss. Measure-
ment distributions are less skewed in later study inter-
vals, but still remain somewhat skewed toward high
bone loss levels. While not specifically addressed in
this paper, additional research could focus on factors
associated with implants showing rapid and extensive
loss of vertical bone height.
Figure 4 displays the bone change over all DICRG
implants in the study intervals up to 60 months. The
average study implant experienced about 1 mm bone
loss between implant insertion and uncovering, and
another 1.2 mm of bone loss between implant uncov-
ering and 6 months post-uncovering. The mean bone
loss in each of the 6- to 12- and 12- to 24-month
intervals was about 0.4 mm. In each 1-year interval
from the 24- to 60-month follow-up, the mean bone
loss was about 0.2 mm. It is difficult to compare bone
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Figure 20.
Mean peri-implant vertical bone change for study intervals by use of
postoperative antibiotics.
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loss in the early stages of the DICRG studies to other
studies because publications from other studies, while
mentioning more bone loss immediately after implant
insertion, have generally only provided data for peri-
ods after implant loading. The results from the DICRG
studies do show that after the initial stages, the rate
of vertical bone loss around DICRG study implants
declines substantially and levels off at about 0.2 mm
per year.
More vertical bone loss appears to be associated
with implants placed in the maxilla than the mandible,
and with implants placed in anterior regions than in
posterior regions (Figs. 5 and 6). There was a slight
difference in trend over the study intervals for these two
variables, however. Differences by arch were apparent
over all the study intervals, but appeared more marked
in later study intervals. Differences by anterior/poste-
rior position, on the other hand, showed more dra-
matic differences in the intervals up to the 6-month fol-
low-up, followed by less dramatic differences. This
difference in trends is further supported by Figure 7,
which shows bone change results stratified by arch
and anterior/posterior location. In the earlier study
intervals, the differences between anterior and poste-
rior implants dominated these further stratified results.
The maxillary mandibular differences predominated
the results for later study intervals.
Bone quality scores may interrelate with implant
placement location variables in these studies. Bone
quality has been stated to be associated with arch and
anterior/posterior location in the arch.56 The differing
distributions of bone quality by arch and anterior/pos-
terior location for the DICRG study have been reported
previously.57 Vertical bone loss by bone quality scores
is shown in Figure 8. There was a slight trend for more
bone loss around implants placed in less dense bone,
particularly in the early study intervals. Differences by
bone quality were not very dramatic, but possible con-
founding relationships with implant location and other
variables should be investigated. Note that data were
available for only 12 implants placed in type 4 bone
for the 48- to 60-month interval, which provide an
unreliable bone change estimate.
Case type is also associated with the previously
mentioned variables. Implants for completely edentu-
lous cases were placed in anterior regions of the jaws,
as were the maxillary single-tooth replacement cases.
Partially edentulous study cases involved implants
placed only in the posterior regions of the jaws. Verti-
cal bone change by case type is shown in Figure 9.
These results paralleled the results seen for implant
jaw location. In the early study intervals, the largest dif-
ferences were seen between the partially edentulous
(posteriorly placed cases) and the other anteriorly
placed cases. The largest differences in the later study
intervals were between maxillary and mandibular case
types. There also may have been a tendency for more
bone loss around implants in completely edentulous
cases, particularly in the early study intervals. Patient
periodontal factors that may have contributed to tooth
loss may also have affected the bone support around
study implants.
More bone loss was associated with non-HA
implants than HA-coated implants in the early study
intervals (Fig. 10). But interestingly, this trend reversed
after the 6-month follow-up. All subsequent intervals
showed more average bone loss for HA-coated
implants than the non-HA implants. It is possible that
these findings may relate to the immediate biologic
reaction to the implant surface at implant placement.
Bone may initially react more favorably to the HA
coating, but changes in the HA or periodontal factors
over time may negate this early advantage. The
results indicate that after 24 months post-uncovering,
the HA implants experienced more total bone loss
than the non-HA implants, although the differences
were small.
Figure 11 provides additional interesting results for
HA-coated versus non-coated implants stratified by
arch. The same basic trends described for the bivari-
ate relationships of arch to bone loss and HA coating
to bone loss are still apparent in this figure. In the early
study intervals, less bone loss was associated with HA-
coated implants and implants placed in the mandible.
Later study interval results showed a continued greater
bone loss in the maxilla and the reversal to greater
bone loss with HA-coated implants. There does not
appear to be much difference by HA/non-HA in max-
illary implants during these later study intervals, how-
ever.
Further stratification by anterior/posterior arch loca-
tion (Fig. 12) shows that this lack of difference for HA
versus non-HA in the maxilla is accounted for by the
posterior maxillary implants. Most of the general trends
can still be seen in Figure 12, including the early dif-
ferences by anterior/posterior location and the later
obvious differences by arch. Generally, the HA-coated
implants showed the same trend from less bone loss
in early study intervals to more bone loss in later study
intervals. However, in the maxillary posterior region,
HA-coated implants lost less bone than non-HA
implants in all but the 12- to 24-month interval. Few
implants were in this group; data were available for
only 8 maxillary posterior non-HA implants in the 48-
to 64-month interval.
Study interval bone loss by implant design is
shown in Figure 13. The implants have been arranged
with the three non-HA implant designs on the left
side of the bar groupings and the three HA-coated
implant designs on the right side of the groupings.
The general trend for HA versus non-HA implants
seen previously is still apparent. Early intervals
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showed more bone loss in the non-HA implants.
Again, at 6 months post-uncovering, HA-coated
implants generally began to show more bone loss
than the non-HA implant designs. There were some
deviations from this general pattern, however. The
commercially pure titanium screw consistently had
more bone loss than the other non-HA designs, and
continued to show more bone loss than the HA-coated
cylinder. The cylinder design consistently showed less
bone loss than the other HA-coated designs, with the
least bone loss of all designs up to the 6-month fol-
low-up. After 6 months, the HA-coated cylinder design
experienced similar bone loss to the alloy screw. The
most dramatic decrease in bone loss over the study
intervals occurred with the alloy basket design. There
seems to be an indication that the three screw designs
(HA, CP titanium, and titanium-alloy) experience
greater bone loss than the other designs.
The interrelationships between the different study
variables must also be considered when evaluating the
results for bone loss by implant design in Figure 13.
The different implant designs were not used in all loca-
tions or applications in the DICRG studies. Alloy bas-
ket implants were placed only in mandibular cases.
HA-coated grooved cylinder implants were placed only
in the maxillary single-tooth and partially edentulous
cases. Titanium-alloy screw implants were placed only
in mandibular fully edentulous cases, while HA-coated
and commercially pure titanium screw implants were
placed in maxillary fully edentulous cases. HA-coated
cylinder implants were placed in mandibular partially
edentulous cases and in fully edentulous cases in both
arches. Any comparisons by implant type must there-
fore control for the potential confounding effects of the
different applications and jaw locations in which the dif-
ferent types of implants were placed.
The relationships between peri-implant vertical bone
loss and various patient and treatment-related vari-
ables were also investigated. Figure 14 shows bone
change by gender. Although differences appeared in
some of the study intervals, there seemed to be no
clear pattern of bone loss by gender. Study females
experienced more bone loss in the intervals between
uncovering and the 36-month follow-up. Even less
consistent bone loss differences by race/ethnicity are
seen in Figure 15. Race/ethnicity may not be a use-
ful predictor of bone loss around placed implants.
Figure 16 shows bone loss by ASA medical status.
There were few study patients with ASA medical sta-
tus of 3. Implants in these patients experienced less
bone loss in the early intervals and appeared to have
generally experienced more bone loss in the later inter-
vals. Little difference was seen between ASA-1 and
ASA-2 status. More bone loss might be expected for
patients in worse general health. Selection of patients
with compromised general health was left to the dis-
cretion of the investigators, however, and investigators
may have been more cautious in only selecting patients
in which other dental and patient factors besides ASA
status were optimal.
Figure 17 displays results for bone loss by smok-
ing status. Although differences were not large, there
was a general tendency for more bone loss in smok-
ers. Little difference was seen between former smok-
ers and those who never smoked. Differences were
more pronounced in early intervals, which may indi-
cate a stronger effect of smoking in the early stages
of healing and stabilization of implants.
The amount of operator experience prior to the
DICRG studies was also investigated. Figure 18 shows
bone loss results by operator experience. “Less expe-
rienced” operators were defined as those placing less
than 50 implants prior to the start of the DICRG stud-
ies. “More experienced” operators had placed 50 or
more implants before the DICRG studies. Most inter-
vals showed slightly less bone loss associated with
operators with less prior experience, although the dif-
ferences were extremely small. Any real difference
might again be attributed to patient selection, with
“less experienced” operators possibly showing more
caution in selecting patients with characteristics opti-
mizing chances for success.
Bone loss results stratified by antibiotic use are
shown in Figures 19 and 20. Figure 19 shows no
clear pattern of an effect on bone loss with the use
of preoperative antibiotics. Figure 20, however, shows
a pattern similar to the one seen with HA versus non-
HA implants for the use of postoperative antibiotics.
In the stages up to the 6-month follow-up, the use of
postoperative antibiotics was actually associated with
greater bone loss. After the 6-month follow-up, those
patients treated with postoperative antibiotics consis-
tently showed less bone loss through the remaining
study intervals. Factors affecting the decision to use
antibiotics and biologic mechanisms associated with
antibiotic usage must be studied more carefully. The
decision to use antibiotics might certainly be associ-
ated with more questionable patients and treatment
conditions. Furthermore, the biologic effects of antibi-
otics over time after implant insertion must be better
understood. Unless the use of antibiotics is totally ran-
domized, other factors correlated with antibiotic usage
must be assumed to have a role in these results.
The results presented in this paper provide an
overview of some of the factors that may be associ-
ated with peri-implant vertical bone loss. More com-
plex analysis must now be conducted to determine
which factors are most predictive of bone loss. Some
of the possible correlated and confounding relation-
ships among variables with the outcome of vertical
peri-implant bone loss have been discussed. Other
characteristics of the DICRG radiographic bone loss
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data sets also influence the selection of methods for
subsequent analysis. The primary outcome of interest
in the DICRG studies is success (or failure) of the
placed prostheses and, secondarily, success of the
implants supporting the prostheses, which are dichoto-
mous outcomes. The assessment of vertical bone loss,
however, involves continuous measurement data and
requires different analysis methods. Additionally, the
longitudinal analysis (repeated measures) and the clus-
tering of placed implants within patients and study
cases require methods to account for correlation in
the data.
Many methods for analysis of this type of dental
data have been described and used.58-61 Preparation
of the DICRG radiographic bone loss data set for
mixed modeling analysis is in progress. Mixed mod-
eling methods can be used for longitudinal data with
a correlated structure and assess fixed and random
effects on a continuous outcome; in this case, the
extent of vertical bone loss.62-64 The results presented
in this paper will be used for developing these mixed
models. Model development should ideally involve
variable selection based on plausible causal mecha-
nisms and relationships of predictor variables to the
outcome of interest. The results presented in this
paper will be used for variable selection. With objec-
tive variable selection, models will be able to assess
the effects of the different predictor variables con-
trolling for the effects of other variables included in the
model. The real effects of each variable thus may be
more validly assessed.
Carrying over into the further analysis will be the
dominant trend of dramatically decreasing rate of bone
loss over time after implant placement. This decreas-
ing rate of bone loss was seen over all levels of all
variables. Most peri-implant bone loss occurs in the
first year after implant placement, followed by a small
continuing loss of bone. The differences lie in the
amount of early bone loss and the amount of decrease
in bone loss rate over time. Factors that appear to be
associated with early bone loss and with bone loss
after this apparent stabilizing of bone levels must be
further investigated. Further research should also focus
on the implants at the extremes of the distributions.
Both those implants which have rapid and continuing
bone loss, and those which lose very little or possibly
even gain bone, should be investigated specifically.
The determination of factors associated with the suc-
cessful and unsuccessful implants, and factors asso-
ciated with peri-implant bone loss in general, will con-
tribute to successful future dental implant treatment
and improved patient care.
Human Subject Clearance
All human subject clearance requirements for this
research have been completed as part of the main
DICRG studies. The investigation described in this pro-
posal does not expand beyond the main studies in any
areas requiring further human subject review or clear-
ance procedures. Proper informed consent has been
obtained from all subjects participating in the studies.
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